Introduction
In July 2012, the ATLAS [1] and CMS Collaborations announced the discovery of a new particle [2, 3] at the Large Hadron Collider (LHC) at CERN in the context of the search for the Higgs boson of the Standard Model of Particle Physics (SM). Since then, with an increased dataset, improved detector understanding and refined analysis strategies, a wide range of properties of this new particle has been measured and tested for possible deviations from SM predictions. In these proceedings, tests of the spin and parity of the new particle performed by the ATLAS experiment will be presented in the first section, while measurements of the coupling strengths between the new particle and the gauge bosons and fermions will be presented in the second part.
Spin and parity of the Higgs boson in diboson decays
The study of the spin and parity properties presented in these proceeding is based on the H → γγ, H → ZZ * → 4l and H → W W * → eνµν decay channels and their combination [4] .
In the SM, the Higgs boson is a CP-even scalar particle, J P = 0 + . Theories of physics beyond the SM (BSM) often require an extended Higgs sector featuring several neutral Higgs bosons. Such cases may include CP-mixing in the Higgs boson interactions, which could result in observable differences in the kinematics of the final-state particles produced in their decays. Therefore the SM hypothesis J P = 0 + is compared to alternative spin-0 models: a pseudoscalar boson J P = 0 − and a BSM scalar boson J P = 0 + h . Models with J P = 2 + with universal and non-universal couplings [5, 6] are also considered. In these tests of fixed spin and parity hypotheses it is assumed that the resonance decay involves only one CP eigenstate.
An effective field theory (EFT) approach is adopted to describe the interaction between the new particle and the SM vector bosons. The possible BSM scenarios considered for the spin and parity of the boson are: spin-2, pure BSM a E-mail: marco.filipuzzi@cern.ch Figure 1 : (left) Distributions of the test statisticsq for the SM Higgs boson and for the J P alternative hypotheses [4] . (right) Results of fits for the two-parameter benchmark model that probes different coupling-strength scale factors for fermions and vector bosons, assuming only SM contributions to the total width: individual channels and their combination including 68% and 95% CL contours [8] .
spin-0 CP-even or CP-odd Higgs boson and a mixture of the SM spin-0 state and a BSM spin-0 CP-even or CP-odd state.
The analyses rely on discriminant observables chosen to be sensitive to the spin and parity of the Higgs boson. In the H → γγ channel the kinematic variables used in this analysis are the production angle of the two photons, measured in the Collins-Soper frame [7] and the diphoton transverse momentum p γγ T . For the H → W W * case a Boosted Decision Tree (BDT) algorithm based on m ll , p ll T , ∆φ ll and m T (see [4] ), is used and trained for each specific hypothesis tested. Finally, for the H → ZZ * → 4l analysis the full kinematic information is available from the measured decay products.
The test statisticq used to distinguish between two spin-parity hypotheses is based on the ratio between the profiled likelihoods evaluated under the SM and the alternative spin-parity hypothesis. All the hypotheses tested are summarized in Figure 1 (left) . Expected ±1, ±2 and ±3 σ regions of the test statistic are shown for the SM Higgs boson (blue) and for the alternative J P hypotheses (red) together with the observedq value (black points). All tested alternative hypotheses are rejected at more than 99% confidence level (CL) in favour of the SM hypothesis.
Limits are set on the admixture of a BSM spin-0 CP-even or a spin-0 CPodd component to a SM-like spin-0 state as described in [4] , and are compatible with the SM predictions.
This section presents the combined results from the analyses of the H → γγ, ZZ * , W W * , τ τ , bb, µµ and Zγ decay modes and of the constraints on ttH and off-shell Higgs boson production [8] . The general approach of the analysis is to divide events in distinct categories to maximize the sensitivity to different production modes and to perform a global fit to account for cross-contaminations between categories and uncertainty correlations between different channels.
For a measurement of Higgs boson coupling strengths, production and decay modes cannot be treated independently, as most observed processes involve at least two Higgs boson coupling strengths. Following the leading-order framework recommended in Ref.
[5], the Higgs boson coupling-strength scale factors κ j are measured for selected benchmark models. All scale factors are defined such that a value of κ j = 1 corresponds to the best available SM prediction. Only modifications of the absolute values of the coupling strengths are considered, while the tensor structure of the couplings is assumed to be the same as in the SM, meaning that the observed state is assumed to be a CP-even scalar.
Under the assumptions that only SM particles contribute to the gg → H, H → γγ, H → Zγ and gg → ZH loops and that no undetected or invisible Additional benchmark models testing fermion couplings, BSM contributions and a generic model are considered in Ref. [8] . Results for these measurements, performed for different assumptions, are compatible with the SM predictions.
